In this paper, the rheology properties and composition of fatty acids and acylglycerols of the wheat flour substituted by various portions of the flour from mushrooms Boletus edulis were investigated, as well as the effect of lipid components on some rheology properties. Rheology properties and fatty acids and acylglycerols composition depend on the mushroom flour portion in the mixtures. The mushroom flour addition increased the value of the water absorption for 8.1% and maximal pasta viscosity for 48.2%, decreased the dough energy for 80.4% and prolonged the dough stability time for 2.5 min. The content of fatty acids, mono-and di-acylglycerols and the content of total unsaturated fatty acids in mixtures increased with the increase of the mushroom flour portion in flour mixtures, while the content of triacylglycerols and total saturated fatty acids decreased. In order to enrich the wheat flour with mushroom lipid components and obtain the dough with satisfactory rheology properties, the mushroom portion of 10% (w/w) was indicated. The correlation coefficients showed that the lipid components had the influence on the rheology properties of the dough made from wheat-mushroom flour mixtures: the linoleic acid, mono and di-acylglycerols content had a proper correlation with extensibility and gelatinization temperature, while tri-acylglycerols had the opposite correlation.
Introduction
Mushrooms are edible fungi and delicious nutritional food in many countries. Hundreds of species of edible mushrooms exist in the wild, but less than 20 are harvested and used as food. The food value of mushrooms is between meat and vegetables [1] . Over recent years the usage and consumption of mushrooms has increased, especially in the vegetarian community [2] . Crisan and Sands (1978) [3] reported that mushrooms in general contain 90% water and 10% dry matter. The content of protein in dry matter varies in a wide range, from 10 to 40% [4] . Besides protein, mushrooms contain 3-21% of carbohydrates, 3-35% of dietary fibre [5] , essential amino acids, B-vitamins and vitamin C [6] . The abundant essential amino acid in the mushroom is lysine while the wheat protein is considered to be limiting in essential amino acids like lysine, tryptophan and threonin and hence there is a need for its nutritional quality improvement by using modern biotechnology [7] . The content of lysine in Boletus edulis was detected in the range from 52 [8] even to 217 mg/100 g of the dry matter [9] .
In mushrooms, the fat content ranges mostly 2-6% in the dry matter and in Boletus edulis this content was found to be 2.92 g/100 g of the dry matter [10] , with proportions of neutral to polar lipid in the dry matter of 3.3 to 3.1% [11] . The investigation of the fatty acids composition from fifteen wild edible mushrooms of Boletus species extracted by Soxhlet apparatuses, with ethanol/water/HCl (90:10:1, v/v/v) over 24 h, showed that the most abundant fatty acids were oleic (15-42%), linoleic (38-58%) and palmitic (7-17%) and the content of stearic acid was 1.9-4.4% [12] . The investigations on the fatty acids composition of lipid from major types of the wheat flour (Triticum aestivum) showed that the concentrations of major fatty acids in free lipid fraction were 1.7-2.1 mg/g of palmitic acid, 1.6-2.1 mg/g of oleic acid and 5.5-6.7 mg/g of linoleic acid, while polyunsaturated fatty acids were predominant to saturated and monounsaturated in all types of flour [13] .
Besides nutritional, mushrooms also have the medicinal importance. They have been used as medicine in China since 100 A.D. [14] , but the health benefits of basic active principles of mushrooms were promoted in 1960s. Mushrooms have been used in health care for treating simple skin diseases. The anti-tumour properties of aqueous extracts of edible mushrooms are reported by Ikekawa et al. (1969) [15] and the main components which provide these properties were β-D glycans and polysaccharide named lentinan [16] . Bahl (1983) [17] reported that mushrooms cure epilepsy, wounds, skin diseases, heart aliments, rheu-matoid arthritis, cholera besides intermittent fevers, diaphoretic, diarrhoea, dysentery, cold, anaesthesia, liver and gall bladder diseases, and are used as vermicides. Nowadays the data show many other benefities of mushrooms in medicine, and without side effects [18] .
The rheology properties are sensitively dependent on the dough composition i.e. the water and salt content and the mixing time [19] , and have great relevance in predicting the product quality such as mixing behaviour, sheeting and baking performance [20, 21] . In the available literature, there are data about the dough rheology and bread properties when wheat flour was supplemented with some mushroom flour, but no data about the effect of Boletus edulis on these properties. Thus, the investigation of the effect of maitake (Grifiola frondosa), mushroom powder on bread properties showed that the mushroom powder drastically decreased the dough strength [22] and had the effect on deteriorating the bread properties such as the bread height and a specific volume. Hong et al. (2005) [23] reported that the final viscosities decreased by increasing the amount of the oyster mushroom (Pleurotus ostreatus) powder to the wheat flour. The gradual increase of the water absorption (WA), the dough development time (DT) and the mixing tolerance index of the dough and a decrease of the dough stability (DSt) by increasing the amount of this mushroom powder were also observed. The value of WA was also increased when the powder of Nigerian oyster mushroom (Pleurotus plumonarius) was used to replace 5-25% wheat flour, but the loaf volume, specific volume, crumb grain and loaf quality decreased [24] . The data of increasing WA, dough weaking, mixing tolerance index and ratio between dough resistance to extensibility (R/Ex), and decreasing of DT, DST, extensibility (Ex) and resistance to extension (R) with increasing the level of oyster mushroom flour were reported by Hesham et al. (2007) [25] . Although the lipid content in the flour is low, previous investigations showed the high absolute value of correlation coefficients between lipid components such as mono-acylglycerols, di-acylglycerols, palmitic and oleic acid content and rheology properties, especially Ex and DSt, when buckwheat [26] or soy flour [27] was used to replace the wheat flour.
In order to investigate the possibility of Boletus edulis mushroom for obtaining the dough for potential new food products, considering its nutritional properties and health benefits, the present work was undertaken with the aim to investigate the effect of the mushroom flour addition on rheology properties. The mixtures with the portions of mushroom flour of 5, 10, 15 and 20% w/w were prepared. The effect of the mushroom flour addition on the fatty acids and acylglycerols composition, with an emphasis on total saturated fatty acids (TS), total monounsaturated fatty acids (TMUS), total polyunsaturated fatty acids (TPUS) and total unsaturated fatty acids content (TU) was investigated too, and the effect of some lipid components on the rheology properties based on the correlation coefficients was evaluated.
Experimental
Flour and flour mixtures The wheat flour (WF) type 500 produced by "Fidelinka", Subotica, Serbia, was bought from the local market. The mushroom (Boletus edulis) flour (MF) was obtained from wild, fresh mushrooms from eko-region Piskupovo, Leskovac, Serbia, after cutting to slices (0.4 mm of thickness) drying at 35 ºC for 5 h, milling (IKA Model M120) and sieving through a 0.30 mm riddle. 285, 270, 255 and 240 g of the wheat flour and 15, 30, 45 and 60 g of the mushroom flour, respectively, were used to make 300 g of the dough mixture with 5% (WM 5), 10% (WM 10), 15% (WM 15) and 20 % (w/w) (WM 20) mushroom flour portions, without adding additives.
Flour analysis
The protein content (PC) was determined by the Kjeldahl method (N x 5.7). The ash content (AC) was determined by staking at 800 ºC for 5 h. The lipids content (LC) was determined by the trichloroethylene duplicate extraction for the same sample by using reflux (1: 20 w/v, at boiling temperature, 60 minutes). The extracts were combined and 5 ml were dried at 110 ºC to the constant weight, and the dry residue content was read out on the analyzer display (Scaltec SMO 01, Scaltec instruments, Germany). For lipids isolation and acylglycerols and fatty acids characterization, the rest of combined extracts was evaporated under vacuum and the lipid residue was obtained. For the gluten content (GC) determination, the dough was prepared by adding a sodium chloride solution and wet gluten was isolated by dough washing and then weighed [28] .
Rheology measurement For the water absorption values (WA value in ml), the development time (DT in minutes), dough stability (DSt in minutes), a degree of softening (DSf in FU) and the farinograph quality number (QN) determination, the Brabender farinograph (Brabender Model 8 10 101, Duisburg, Germany) and ISO 5530-1 test procedure were used. For extensograph measurement, the Brabender extensograph (Brabender, Model 8600-01, Duisburg, Germany) and test procedure ISO 5530-2 were used. The samples were prepared from the flour, distilled water and salt. The data for energy (E in cm 2 ), resistance (R in EU), extensibility (Ex in mm) and ration number (R/Ex) were recorded on the extensograph curve. To obtain amylograph data, gelatinization temperature (Tmax in oC and gelatization maximum (ηmax in AU), the amylograph (Brabender Model PT 100, Duisburg, Germany) and ISO 7973 test procedure was used.
HPLC analysis For HPLC analysis, lipid residues were dissolved into the mixture of 2-propanol:n-hexane, 5:4 v/v to obtain the solution with the concentration of 5 mg/ml and filtered through 0.45 μm Millipore filters. The HPLC method of Holčapek et al. (1999) [29] and the Agilent 1100 High Performance Liquid Chromatograph, a Zorbax Eclipse XDB-C18 column: 4.4 m x 150 mm x 5 μm (Agilent Technologies, Wilmington, USA) and an UV/ViS detector were used. The binary solvent mixture was methanol (solvent A) and 2-propanol:n-hexane, 5:4 by the volume (solvent B) and flow rate of 1 ml/min with a linear gradient (from 100% A to 40% A+ 60% B in 15 min). The column temperature was held constant at 40 ºC and the components were detected at 205 nm. The fatty acids, mono-acylglycerols (MAG), di-acylglycerols (DAG) and tri-acylglycerols (TAG) were identified by comparing the retention times of the lipids components with those of standards. In order to obtain the content of acylglycerols present in the samples, the calibration curves for analyzed acylglycerols were prepared.
GC analysis
For the GC analysis, the lipid residues were alkaline hydrolyzed and methylated by methanol and BF 3 as catalysts. The final fatty acids methyl esters concentration was 8-10 mg/ml in the diethyl ether. The methyl esters were analyzed by the GC analysis using Hewlett-Packard 6890 N gas chromatograph equipped with a fused silica capillary column DB-5MS (5% phenylmethylsiloxane, 30m x 0.25 mm, a film thickness of 0.25 μm, Agilent Technologies, USA) and coupled with a 5975B mass selective detector from the same company. The injector operated at 250 °C. The isotermal oven temperature was 150 ºC (4 min), from 150 to 340 °C at the heating rate of 5 °C/min and then isothermally maintained for 10 min. The carrier gas was helium with a flow of 1.0 ml/min. Fatty acids were identified by a the comparison of retention times of lipid components with those of the standards. The percentage composition of the fatty acid was computed from GC peak areas without the use of correction factors.
Statistical analysis
The STATISTICA, version 5.0 software was used to perform the statistical analysis. The means and standard deviations were obtained by using Descriptive Statistics, marking the Median & Quartiles and Confirm Limits for Means. Correlations coefficients were obtained by using the options of Analysis, Quick Basic Stats and Correlation matrices.
In order to classify the flour mixtures consisting of wheat with different mushroom flour portions into groups, the cluster analysis and options of Joining (Tree Clustering), the complete linkage method and horizontal incicle plot were used.
Results and discussion

Flour properties
The wheat flour was B1 quality number (QN), and had the protein content of 9.6±0.4 g/100 g, the ash content of 0.41±0.04 g/100 g, the lipid content of 0.94±0.1 g/100 g, the wet gluten content of 20.3±0.4 g/100 g and the dietary fibber content of 2.8±0.2 g/100 g. The protein content in the mushroom flour was 28.4±0.6 g/100 g, the ash content was 6.8±0.15 g/100 g, the lipid content was 2.3±0.1 g/100 g, the dietary fibber content of 11.8±0.3 g/100 g, and it was gluten free. The values taken were the averages of triplicate measurements of the same sample followed by standard deviation.
Rheology measurements
The farinograph, extensograph and amylograph data of flours and five flour mixtures with different portions of the mushroom flour are given in Table 1 . The addition of Boletus edulis flour in portions of 5, 10, 15 and 20% to the wheat flour changed the farinograph data. Water absorption increased with the increase of the mushroom flour portion in the mixtures from 55.0 to 58.50%. As the main component responsible for the water absorption in the wheat dough is gluten, and as the mushroom flour is gluten free but with a higher protein content than the wheat flour (9.6 to 28.4 g/100 g), higher absorption properties are probably due to protein components and a higher content of dietary fibres in the mushroom flour, as the results show that the content of dietary fibre in the mushroom flour was over four times higher than in the wheat flour (11.8±0.3 and 2.8±0.2 g/100 g, respectively). There is a report that Boletus edulis mushroom contains up to 28.8% of dietary fibre [30] and generally the fibre provides better properties of the water absorption. This is mainly due to the greater number of hydroxyl groups which exist in the fibre structure which allow a greater interaction of water through the hydrogen bonding [31] . The effect of increasing the water absorption value is reported when the wheat flour has been supplemented with Nigerian [24] and Egyptian oyster mushroom flour [25] , too.
The differences for the dough development time among the flour mixtures with mushroom flour portions from 5 to 20% (w/w) ranged from 1.8 to 4.5 minutes. The dough stability for the mixture with the mushroom flour portion of 5 and 10% was higher (2.5 and 3.0 min, respectively) than for the dough from the wheat flour was only 0.5 min. The degree of softening decreased from 215 to 165 BU when the mushroom flour portion in the flour mixture increased and all values were higher than 65 BU, which was found for the dough made of the wheat flour only. The reason for the decrease in the degree of softening might be the destruction and shortening of the fibres in the gluten network [32] .
The addition of the mushroom flour changed the quality number and group of wheat-mushroom mixtures. The quality number of the studied mixtures was lower (32.1 to 44.3) than the number of the wheat flour (58.7) (Table 1 ) and the group was C1 instead of B1 [33] .
The data for the flour mixtures with different portions of the mushroom flour obtained on extensograph showed that all dough had lower values for energy (ranging from 58.1 to 70.8 EU) and resistance (ranging from 85 to 178 EU) in comparison to the dough made of the wheat flour only, where these values were 76.4 and 345 EU, respectively. The extensibility of the dough with the mushroom flour ranged from 121 to 175 EU and decreased with increasing the mushroom flour portions. The ration number, R/Ex, varied in the range from 0.49 to 1.47. These values were lower than the ratio number in the wheat flour (2.56) and this indicates the lower fermentation tolerance of the dough with the mushroom flour [33] . By comparing our results to those found in literature, obtained by using oyster mushroom flour, the addition of the mushroom flour had the same influence on the dough development time and dough resistance, while the influence on other rheology data was opposite [23] [24] [25] . The results are also different from each other, depending on the type of the mushroom and its origin. These differences could be explained by a different chemical composition of the mushroom flour, especially the protein composition. High protein content probably affects most farinographic characteristics.
Concerning amylograph data, the dough with the mushroom flour had higher Tmax and maximal pasta viscosity than the dough with the wheat flour only. The value of Tmax increased from 80 to 82 ºC and maximal pasta viscosity from 690 to 995 AU when the mushroom flour portion increased. This indicates that the addition of the mushroom flour to the wheat flour changes the process of wheat starch gelatinisation and it occurs at higer temperatures when higher values of pasta viscosity are reached. This might be due to the higher content of some of mushroom components in comparison to the wheat flour, such as protein and lipid which have been reported to increase the viscosity in food [34] .
Acyglycerols and fatty acids composition
The lipid profile (fatty acids, mono-, di-and tri-acylglycerols content) of the wheat flour, mushroom flour and wheat-mushroom flour mixtures obtained by HPLC analysis is presented in Table 2 , and the fatty acids composition obtained by a GC analysis is presented in Table 3 . Table 2 . The fatty acid (FA), mono-acylglycerols (MAG), diacylglycerols (DAG) and tri-acylglycerols (TAG) content in wheat flour (WF), mushroom flour (MF) and in wheat-mushroom flour mixtures with different mushroom flour portions * value expressed as g per 100 g of lipid ** value expressed as mg per 100 g of flour or the flour mixture Table 3 . The fatty acids content of lipid from the wheat flour (WF), mushroom flour (MF) and wheat-mushroom flour mixtures with different mushroom flour portions * value expressed as g per 100 g of lipid ** value expressed as mg per 100 g of flour or the flour mixture TS -total saturated fatty acids content; TMUS -total monounsaturated fatty acids content; TPUS -total polyunsaturated fatty acids content; TU -total unsaturated fatty acids content; TU/TS -ratio total unsaturated fatty acids content to total saturated fatty acids content
The lipids from the wheat flour had the highest content of TAG (over 60% and it was 569 mg/100 g of the flour) and the lowest content of MAG (approximate 3% , i.e. 28 mg/100 g of the flour). The lipids from the mushroom flour had the highest content of fatty acids (over 73% i.e. 1544 mg/100 g of the flour) and the lowest content of MAG and DAG (approximate 5% i.e. 110 mg/100 g of the flour). The content of FA, MAG and DAG in the mixtures had the same changing tendency as the mushroom flour portion: it increased when the mushroom flour portion in flour mixtures increased, while the content of TAG displayed the opposite changing tendency. The increased content of FA could be important, as they have been reported to exhibit antibacterial activities [35] .
The GC analysis showed that the lipid of the wheat flour contained 16.57% of total unsaturated fatty acids (TU) mainly consisting of linoleic (66.57%) and oleic acid (13.34%) ( Table 3 ). The total polyunsaturated fatty acids (TPUS) content was higher (66.57%) than that of mon-ounsaturated fatty acids (TMUS) (13.34%). The wheat flour contained 16.57% of total saturated fatty acids (TS) where the main fatty acid was palmitic acid (15.36%). The stearic acid content was only 1.03% of total fatty acids. Finally, the content of total unsaturated fatty acids was almost five times greater than content of total saturated fatty acid (the TU/TS ratio was 4.82).
The lipid from the mushroom flour contained 45.36% of TU, composed of linoleic acid (27.30%) and oleic acid (18.06%). The palmitic acid was determined to be the only saturated fatty acid with the content of 4.53%. Based on the GC analysis, in addition to the fatty acids, the components such as ergosterol (provitamin D) with the content of 5.43% and stigma sterol with the content of 1.74% were also detected. Comparing the mushroom fatty acid composition to those found in the wheat flour, the greatest differences were determined in the ratio of TU to TS content (10.01 to 4.82). This ratio in all flour mixtures was higher than in the wheat flour, which caused the content of total unsaturated fatty acids to increase and the content of total saturated fatty acid decrease when the mushroom flour replaced the wheat flour in the flour mixture. This is important as there are dietary recommendations to decrease saturated and increase unsaturated fatty acids due to their health benefits for the human heart [36] .
Statistical analysis
The correlation coefficients between lipid parameters (palmitic, oleic and linoleic acid content, MAG, DAG and TAG content) and rheology properties (WA, DSt, Ex, T max, and ηmax) of the wheat flour and the wheat-mushroom flour mixtures are shown in Table 4 . Table 4 . Correlation matrix for wheat and four wheat-mushroom flour mixtures (correlations are significant at p< 0.05, N=10)
PA -palmitic palmitic acid content; OA -oleic acid content; LA -linoleic acid content; MAGmono-acylglycerols content; DAG -di-acylglycerols content; TAG -tri-acylglycerols content; WA -water absorption; DSt -dough stability; Ex -extensibility; Tmax -gelatinization temperature
The sample size was ten (N=10 (5x2): wheat flour and four wheat-mushroom flour mixtures and the maximal and minimal value of three determinations). Only the correlations which were above the absolute value of 0.85 were taken into consideration. The correlations showed that Boletus edulis lipid components have an influence on the rheology properties of the dough made from wheat-mushroom flour mixtures. The linoleic acid and MAG content had a positive correlation with all given rheology parameters. The high DAG content was associated with a high value of WA, Ex, and Tmax, and TAG decreased values of Ex and Tmax. The oleic acid content was not correlated with any of the given rheology parameters. Using a cluster analysis, based on multiple variables, the wheat and mushroom flour and their mixtures were classified into groups. The number of variables was six wheat and mushroom flour and five wheatmushroom flour mixtures: WM 5, WM 10, WM 15 and WM 20. The number of cases i.e. parameters were nine (five rheology: WA, DSt, R, Ex and ηmax and four lipid parameters: FA, TAG, TS and TU content). The obtained linkage distances for the wheat flour, mushroom flour and their mixtures are presented by means of a dendrogram in Fig. 1 . The mixtures with the mushroom flour portion of 5 and 10% (w/w) are joined with WF at the same distance level of 135 and make up the group of the flour mixtures with the most similar properties to those of the wheat flour. The mixture with the mushroom flour portion of 15% (w/w) is joined with WF flour at the distance level of 157 and the mixture with the mushroom flour portion of 20% (w/w) is at the highest distance level of 188. In order to enrich the wheat flour with mushroom components and obtain the dough with similar rheology properties as those of the dough made of the wheat flour only, the mushroom portion of 10% (w/w) is indicated.
Conclusion
Dough rheology properties and acylglycerols and the fatty acids composition of the wheat flour are changed by replacing with the mushroom flour and depended on the mushroom flour portion in the mixtures. In order to enrich the wheat flour with mushroom components and obtain the dough with similar rheology properties as those of the dough made of the wheat flour only, the mushroom portion of 10% (w/w) is indicated. The correlation coefficients showed that Boletus edulis lipid components had an influence on the rheology properties of the dough made from wheat-mushroom flour mixtures: linoleic acid and the mono-acylglycerols content had a positive correlation with the water absorption, dough stability, extensibility and gelatinization temperature, high di-acylglycerols content was associated with a high value of the water absorption, extensibility and gelatinization temperature, while tri-acylglycerols decreased the values of extensibility and gelatinization temperature.
